Three flavonoids, luteolin (1), vitexicarpin (2) and artemetin (3), from the salt marsh plant Vitex rotundifolia, were tested for their anti-proliferative activities in AGS, MCF-7 and HT-29 human cancer cell lines and compared with the control using MTT assay. Among them, 2 was most effective with an IC 50 of 6.9 and 22.8 µM against AGS and HT-29 cells, respectively. In addition, mRNA expression levels of major apoptosis-related genes such as p21, p53, Bcl-2 and Bax in AGS cells were evaluated by reverse-transcription polymerase chain reaction (RT-PCR). Compound 2 not only enhanced most remarkably the expression level of tumor suppressor genes p53 and p21, and pro-apoptotic gene Bax at a concentration of 25 µM, but also suppressed the expression level of antiapoptotic gene Bcl-2 to 20% at the same concentration, thus shifting the Bax/Bcl-2 ratio in favor of apoptosis.
Flavonoids are naturally occurring polyphenolic compounds in plants that are thought to have positive effects on human health. Over 6,500 flavonoids have been described to date and the list is still growing [1] . Extensive investigations of their bioactivities in the past 30 years have demonstrated their potential to prevent various diseases such as cancer, cardiovascular disease, inflammatory disorders and many other age-related diseases [2] . Among the wide range of biochemical and pharmacological properties, one of their most investigated activities is their contribution to cancer prevention.
Vitex rotundifolia Linne fil., a halophyte, is distributed along the sandy beaches of Korea, China and Japan. Its seeds and fruits are used for treatment of various allergic diseases as well as cold, headache, migraine, and eye pain [3] . A number of researchers have reported its biological activities as well as several secondary metabolites [4] . Recently, we have reported the antiproliferative activities of V. rotundifolia and the isolation of a flavonoid from it [5] . However, we felt that further study is needed for separating additional active compounds responsible for antiproliferative activity of V. rotundifolia. In this paper, we report the isolation of three flavonoids and their apoptosis-inducing activity. The compounds were identified as luteolin (1), vitexicarpin (2), and artemetin (3) (Figure 1 ) by a combination of their 1 H and 13 C NMR spectral analysis and by comparison with previously published data [6] . Antiproliferative activities of compounds 1-3 on three human cancer cell lines, AGS (human gastric cancer), HT-29 (human colon cancer), and MCF-7 (human breast cancer) were assessed by a MTT assay method after each cell line was treated with the sample for 24 h. The results are shown in Figure 2 as a dose-dependent cytotoxic response in all cancer cell lines. this test (IC 50 > 50 µM), which treats cells for 24 h with the sample, although 1 was reported to show an IC 50 of 29.6 µM against AGS cells after treatment with sample for 48 h [7] . This finding was also in accordance with the observation of Beutler et al. that hydroxy substituents on C-3′ and C-5, and methoxy groups on C-3 and C-4′ are important for the cytotoxic effect of flavonoids [8] . The antiproliferative activity of vitexcarpin (2) was previously reported on mouse lymphocyte and human myeloid leukemia cells [4h,k] .
The AGS cells were, on average, inhibited to a higher degree than HT-29 and MCF-7. In order to confirm the involvement of apoptosis during cell death, expressions of major apoptotic genes like p21, p53, Bcl-2 and Bax were studied in AGS human gastric cancer cells by RT-PCR analysis. Apoptosis is a regulated process which involves changes in the expression of genes such as antiapoptotic Bcl-2 and pro-apoptotic Bax. During the apoptotic process, Bcl-2 and Bax are down-and up-regulated by the tumor suppressor gene p53, respectively, and p21 is also induced by the p53 gene [9] . Results of RT-PCR analysis, as depicted in Figure 3 , show clear evidence of apoptosis involvement in the induction of cytotoxicity by treatment with compounds 1-3. Particularly, compound 2 enhanced the expression of tumor suppressor genes p53 and p21, by 207% and 195% in a concentration dependent manner, respectively, compared with that of the control at 25 µM.
On the other hand, no activation effect on pro-apoptotic Bax expression of compounds was observed; however, compounds 1-3 showed a strong inhibitory effect on Bcl-2 gene expression. Among them, compound 2 exhibited the strongest down-regulation of Bcl-2 to 20% at a concentration of 25 μM. The ratio of Bax/Bcl-2 is critical for the induction of apoptosis because it determines whether cells will undergo apoptosis [10] . In the current study, AGS cells treated with 25 μM of 2 showed a 5 : 1 ratio expression of apoptotic gene Bax to Bcl-2, which means activation of programmed cell death of AGS cells. These results indicate that the apoptosis by compound 2 is induced through a p53, p21 and Bcl-2 dependent pathway.
Experimental
General: NMR, Varian Mercury 300 instrument; Mass spectral data were obtained at the Korean Basic Science Institute, Seoul, Korea. HPLC was performed with a Dionex P580 pump system equipped with a Varian 350 RI detector. Compounds on TLC were detected under UV light (254 and 365 nm), and by spraying with 5% H 2 SO 4 in ethanol, followed by heating for 2 min at 120 o C.
Plant material: V. rotundifolia was collected from the Muan-gun, Jeollanamdo, Korea in July 2011. The species was identified by Dr. Sung-Gi Moon by its morphological character. A voucher specimen is deposited at the Herbarium of the Division of Marine Environment and Bioscience, Korea Maritime University, Busan, Korea.
Extraction and isolation:
Air-dried V. rotundifolia was minced and extracted successively for 48 h with CH 2 Cl 2 (3 L x 2) and MeOH (3 L x 2), in turn. The combined crude extract (145.1 g) was evaporated under reduced pressure and then the residue was partitioned between CH 2 Cl 2 and water. The organic layer was further partitioned between 85% aqueous MeOH and n-hexane, and the aqueous layer was fractionated with n-BuOH and H 2 O. The resulting 4 fractions were evaporated to dryness in vacuo, to yield n-hexane (33.6 g), 85% aqueous MeOH (21.0 g), n-BuOH (39.0 g), and water (47.8 g) fractions, respectively. Each portion of the 85% aqueous MeOH (21.0 g) and n-BuOH (15.0 g) fractions was subjected to C 18 reversed-phase vacuum flash chromatography and eluted with a gradient system of MeOH-water of decreasing polarity (50, 60, 70, 80, 90 , 100% MeOH; 800 mL each) to provide 6 subfractions, respectively. Subfraction 3 of the n-BuOH fraction was purified by reversed-phase HPLC (ODS-A, 67% aq. MeOH) to give 1 (119.2 mg). Subfraction 4 obtained from the 85% aqueous MeOH fraction was also separated by reversed-phase HPLC (ODS-A, 78% aq. MeOH and 50% aq. CH 3 CN) to give 2 (71.4 mg) and 3 (24.8 mg).
Cell culture and inhibition of cancer cell proliferation: AGS (human gastric cancer), HT-29 (human colon cancer), and MCF-7 (human breast cancer) cell lines were separately grown as a monolayer in DMEM and RPMI 1640 supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine and 100 μg/mL penicillinstreptomycin. Cells were maintained in a 5% CO 2 and 37ºC humidified atmosphere. The antiproliferative effects of the isolated compounds 1-3 on cultured cells were assessed using the colorimetric MTT reduction assay. The cells were grown in 96-well plates at a density of 5 × 10 4 cells/mL with the compounds at different concentrations pre-dissolved in DMSO. After 24 h, the optical density was measured using a multidetection microplate fluorescence spectrophotometer synergy HT (Bio-Tek instruments Inc., Winooski, VT, USA) at 540 nm, after dissolving the MTT formazan with DMSO (150 μL). Viability of cells was quantified as a percentage compared with the control. 
